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Abstract  
In the present paper, experiments are conducted to investigate the effects of a jet pump cavitation 
reactor (JPCR) on the sterilization of e. coli. The basic performance of the JPCR is tested firstly. And 
then the sterilization influences of cavitation state and initial bacterial concentration are investigated. 
The results show that the cavitation in the JPCR has satisfying effects on e. coli sterilization. With the 
decrease of pressure ratio, flow ratio increases and reaches a maximum value, which is so-called limited 
operation cavitation stage. In this stage, severe cavitation occurs, which is used to sterilize e. coli in 
this paper. Generally speaking, as the treating time increases, sterilization rate increases slowly at first, 
and then surges. This hysteresis effect indicates that e. coil shows resistance in a short time with the 
explosure to cavitation. The unsteady cavitation oscillating in throat can provide a better sterilization 
effect. Moreover, with the decrease of initial bacteria concentration, the sterilization rate increase. Our 
work provides a new method of sterilization with great potentiality.  
Keywords: cavitation; jet pump cavitation reactor; e. coli; sterilization effect  

1. Introduction  
Cavitation is a phase transition between liquid and vapor occurring within the liquid inside or at the liquid-solid 

interface because of the power in the flow [1]. Cavitation nearly occurs in all kinds of fluid machinery and generates 
undesirable effects such as noise, vibration, material damage and performance reductions [2-4]. But in fact, cavitation 
is not entirely harmful. The local high temperature, high pressure, microjet, shock wave and the free radicals induced 
by the cavitation bubble can build special reaction site [5-7]. This favorable effect can be used in food engineering, 
bioengineering, mining industry and sewage treatment [8-10], etc.  

There have many studies on cavitation applications. Ultrasonic cavitation is the most commonly used but it has 
high energy costs. Hydraulic cavitation has wide application prospect because of simple structure, high efficiency and 
good economy. The hydraulic cavitation reactors is various, such as orifice, venture, high pressure homogenizer and 
high speed homogenizer. Many studies have been conducted to investigate the application of cavitation reactors. 
Jyoti’s [11] experiments shows that the hybrid technique combined hydrodynamic cavitation appears to be an attractive 
alternative to a single technique for the reduction in the heterotropic plate count bacteria. Balasundaram [12] carries 
out the disruption of e. coli by orifice plate for the purpose of preferentially releasing the intracellular proteins from 
organisms. Shivram [13] carries out the seawater disinfection using cavitation produced by vortex diode and have 
proved its effectiveness in killing of various types of zooplanktons in the seawater. These researches are satisfying and 
promising in sterilization application but further investigate is needed in hydraulic cavitation method. JPCR is a kind 
of cavitation reactor combining the feature of orifice and venture. Because of high velocities gradient and severe shear 
flows in JPCR, cavitation occurs easily, so it is of high potential in sterilization. However, relative investigations are 
rarely reported. 

Therefore, experiments are conducted to obtain more understanding of cavitation flow in JPCR and its 
sterilization effect in the current paper. The basic performance of JPCRs is tested and the corresponding sterilization 
experiments are also conducted to study the influence of the cavitation state and initial bacterial concentration on 
sterilization effect. 

2. Experiment Setup 

2.1 The structures of JPCR 
The structure of a typical JPCR is shown in Fig. 1. The main structure parameters are set as follows: inlet pipe 

diameter, Din=25mm; outlet pipe diameter, Dout=50mm; throat length, Lth=96mm; contraction angle, α=45deg; and 
diffuser angle, β=12deg. Since JPCRs with the same area ratio (throat to the nozzle exit area ratio) have similar 
performance, three area ratios are obtained by only altering the size of the nozzle but fixing the sizes of the throat and 
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the other parts for the convenience of machining. In this paper, the nozzle outlet diameters, Dn=8, 10, 12mm are 
employed to obtain three area ratios 4.00, 2.56, 1.78.  

 
Fig. 1 Schematic drawing of JPCR 

The basic performance of a JPCR can be characterized by the classical parameter such as area ratio (m), flow 
ratio (q) and pressure ratio (h). All these dimensionless parameters are defined as follows,  
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where A represents the cross sectional area, Q represents the flow rate, ρ represents the density, P represents the total 
pressure, p represents the hydrostatic pressure, z represents the elevation, v represents the average velocity of flow, 
respectively. Subscript in, th, n, s, out represent inlet fluid, throat inlet, nozzle exit, suction fluid, outlet fluid 
respectively. 

2.2 Experiment rig and procedure 
The experimental rig is illustrated in Fig. 2. The high pressure inlet flow (Qin) supplied by a centrifugal pump 

entrains the suction flow (Qs) from the water tank. The high pressure inlet flow and the suction flow mixes in the 
nozzle outlet and induces strong shear cavitation, the mixed flow run through the throat. The inlet and mixed flow 
rates are controlled by valves and measured by electromagnetic flow meters. Three pressure transducers are installed 
in the main water flow inlet, the suction pipe inlet and the diffuser outlet.  

Because of high speed gradient and shear flows in throat, the cavitation develops violently and a large number of 
cavitation bubbles occurs, which collapse when passing through the diffuser due to high back pressure. In addition, 
different cavitation state can be obtained by adjusting the outlet valve 11. 
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Abstract 

This study investigates experimentally the coupling between cavitation shedding, considered as the 
source of tunnel dynamics, and the system response for various degrees of tunnel gas content.  The 
experimental work took place in the high-speed water tunnel at the St. Anthony Falls Laboratory at the 
University of Minnesota. The test object was a c=81 mm NACA 0015 hydrofoil spanning the whole 
test section, 190mm by 190mm, at speeds around 10 m/s. Gas content was controlled by either 
comprehensive degassing, by allowing different gas saturations and eventually by continuously 
injecting air directly into the flow downstream of the test object. Most of the gas was removed by a gas 
collector, unique to the facility, upstream the test section. By combining simultaneous readings of 
pressure dynamics at three locations in the tunnel loop, together with measured shedding dynamic loads 
in parallel with high frequency impacts using the same externally mounted accelerometers, the research 
team aimed at concluding the effect of gas content on several cavitation characteristics. The results 
presented, and upon which discussion and conclusions are made, include excitation strength as a 
function of test section gas saturation level and the frequency response between the various pressure 
transducers and observed shedding strength.  

Keywords: cavitation; hydrofoil; dynamics; cavitation tunnels  
 

Introduction  
The main benefit of using laboratory scale cavitation experiments is the relative ease of observing and documenting 
the underlying physics, and the ability of controlling all factors affecting the same physics. The International Towing 
Tank Conference (ITTC) demonstrated the lack of complete control for cavitation inception experiments, and 
observations on the same test-body at several facilities showed a wide scatter in results [1], [2]. The culprit of the 
observed discrepancy is often taken to be water quality, and most notably the tensile strength of the water in the test 
facility [3].  
 
In 1997 one of the authors (MK) joined professor Arndt at St. Anthony Falls Laboratory (SAFL) at the University of 
Minnesota (UMN) to study the global dynamics of sheet and cloud cavitation, and the main findings were reported in 
Kjeldsen et al [4] and Kjeldsen and Arndt [5].  Based on observations in those studies the question was raised about 
the influence of the test facility on such studies. Following the SAFL studies and addressing the influence of test 
facility, Arndt repeated with co-workers many of the SAFL studies both at the Technical University of Munich 
/Obernach and University of Osaka, see Arndt [6] for a summary. Qualitatively the dynamics of cavitation shedding 
appears similar, as would be expected from the underlying cavitation physics, but with differences in measured 
unsteady lift amplitudes. Such differences can be attributed the response of the test facility, which is a line of 
investigation that has been addressed by e.g. Duttweiler et al. [7] and Kjeldsen et al. [8].  Other inspiration for the 
current work, but not necessarily including the role of system dynamics, stem from research on the role of water 
quality and gas content on cavitation intensity [9], as well as investigations into the shedding similarity between 
gaseous and natural cavitation [10].This study tries to bring these efforts to a conclusion by modifying the one 
parameter that easily can be changed in the test facility: the sonic speed. This was accomplished by injecting gas 
downstream the cavitating hydrofoil, and thus modifying acoustic properties within most of the tunnel loop. The 
experimental program took place in 2015 at the SAFL high speed water tunnel. 
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